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Abstract
Aims—Many cities have banned indoor smoking in public places. Thus, an updated
recommendation for a breath carbon monoxide (CO) cut-off is needed that optimally determines
smoking status. We evaluated and compared the performance of breath CO and semiquantitative
cotinine immunoassay test strips (urine and saliva NicAlert®) alone and in combination.

Design—Cross-sectional study.

Setting—Urban drug addiction research and treatment facility.

Participants—Ninety non-treatment-seeking smokers and 82 non-smokers.

Measurements—Participants completed smoking histories and provided breath CO, urine and
saliva specimens. Urine and saliva specimens were assayed for cotinine by NicAlert® and liquid
chromatography-tandem mass spectrometry (LCMSMS).

Findings—An optimal breath CO cut-off was established using self-report and LCMSMS
analysis of cotinine, an objective indicator, as reference measures. Performance of smoking
indicators and combinations were compared to the reference measures. Breath CO ≥5 parts per
million (p.p.m.) optimally discriminated smokers from non-smokers. Saliva NicAlert®
performance was less effective than the other indicators.

Conclusions—In surveys of smokers and non-smokers in areas with strong smoke-free laws, the
breath carbon monoxide cut-off that discriminates most effectively appears to be ≥5 p.p.m. rather
than the ≥10 p.p.m. cut-off often used. These findings may not generalize to clinical trials, regions
with different carbon monoxide pollution levels or areas with less stringent smoke-free laws.
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INTRODUCTION
In many clinical and research settings, tobacco exposure is assessed by self-report. In
settings with increased social pressure to abstain from smoking, biochemical verification is
useful to identify smokers [1,2]. Breath carbon monoxide (CO) and semiquantitative
measurement of cotinine, the major metabolite of nicotine, by immunoassay-based test strips
(urine and saliva NicA-lert®) are commonly used, rapid and relatively inexpensive
biochemical indicators of smoking [3].

As markers of smoking, breath CO and cotinine have different merits and limitations. Breath
CO is a good indicator of recent smoking, but its short half-life (2–3 hours) limits its
sensitivity, and environmental CO sources (e.g. passive smoke) limit its specificity [4]. In
addition, there is no consensus on the breath CO cut-off that optimally discriminates
smokers from non-smokers. Cut-offs ranging from ≥3–10 parts per million (p.p.m.) have
been recommended [2,5]. Many studies employ the Society for Research on Nicotine and
Tobacco’s (SRNT) recommended cut-off of ≥8–10 p.p.m. [2]. Recent indoor smoking bans
have probably decreased passive smoke exposure among non-smokers than when previous
cut-offs were recommended. For example, breath CO levels of European non-smokers were
associated negatively with strength of tobacco control policies, suggesting that Europe’s
antismoking policies reduced passive smoke exposure in non-smokers [6]. Thus, new data
are needed to determine if lower breath CO cut-offs optimally distinguish smokers and non-
smokers.

In contrast to breath CO, cotinine has a long half-life (10–30 hours) [7] and a greater
window of detection for recent tobacco exposure. Cotinine is assayed semiquantitatively by
immunoassay test strips (urine and saliva NicAlert®) and quantitatively by liquid
chromatography-tandem mass spectrometry (LCMSMS) or gas chromatography-mass
spectrometry (GCMS). NicAlert® is relatively inexpensive, easy to use and provides onsite
results, but cotinine antibodies might cross-react with other nicotine metabolites and
endogenous and exogenous analytes present in the specimen [8]. Thus, the immunoassay
might indicate greater cotinine levels than are actually present, and might not be a truly
semiquantitative indicator of cotinine concentration. Quantitative LCMSMS or GCMS
analysis is an objective reference measure for verification of tobacco exposure, but there is
disagreement about which cut-off optimally discriminates smoking from passive smoke
exposure in different biological matrices. The method is also expensive, time-consuming,
unavailable immediately upon collection and requires special instrumentation and highly
trained staff.

The merits and limitations of smoking indicators are well known, but to date no study has
directly compared the performance of self-report, breath CO, urine NicA-lert®, saliva
NicAlert® and their combinations. Currently, clinicians and researchers rely on these
markers without data on their relative performance. In this study, smokers and non-smokers
completed self-reported smoking histories and provided breath CO, urine and saliva
specimens. Urine and saliva specimens were assayed for cotinine by NicAlert® and
LCMSMS. An optimal breath CO cut-off was established with self-report and LCMSMS
cotinine analysis, an objective indicator, as the reference measures. Self-report and
LCMSMS results determined performance of the indicators and combinations. We
hypothesized that the optimal breath CO cut-off would be lower than SRNT’s previous
recommendation of ≥8–10 p.p.m. [2], and that breath CO and NicAlert® tests together
would perform optimally because of their differential sensitivities to recent tobacco
exposure.
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METHODS
Participants

Participants were non-treatment-seeking smokers (n = 90) and non-smokers (n = 82). To
capture a wide range of tobacco exposure, we recruited smokers reporting >10 cigarettes per
day (heavy smokers, n = 46), smokers reporting one to 10 cigarettes per day (light smokers,
n = 44), non-smokers reporting regular passive smoke exposure (exposed non-smokers, n =
36) and non-smokers reporting no passive smoke exposure (not exposed non-smokers, n =
46). Exposed non-smokers reported passive smoke exposure at least three times per month;
most reported that significant people in their lives (e.g. partners, parents, roommates) were
smokers. Not exposed non-smokers reported no regular passive smoke exposure.

For all participants, exclusion criteria included chronic pulmonary disease and cannabis use
greater than five times in the past 2 weeks or within the past 24 hours to avoid CO
confounding. Additional exclusion criteria for smokers included: current interest in
decreasing use or quitting, treatment for tobacco dependence within the past 3 months and
current use of tobacco products other than cigarettes. Additional exclusion criteria for non-
smokers included use of any tobacco or nicotine product in the past 3 months.

The National Institute on Drug Addiction (NIDA) Institutional Review Board approved the
study. Participants gave written informed consent according to guidelines for the protection
of research volunteers of the US Department of Health and Human Services and were
compensated for their time.

Procedure
Participants followed a standardized protocol. After giving consent, participants provided a
breath CO sample, completed smoking history forms, gave two saliva specimens, and finally
gave a urine specimen. Breath CO readings were obtained by a Vitalograph monitor
(Vitalograph, Lenexa, KS, USA). Time since last cigarette was the interval from last
reported cigarette to the breath CO sample. Saliva specimens were collected for NicAlert®
testing via expectoration (Nymox Corp., Hasbrouck Heights, NJ, USA) and for LCMSMS
analysis via a Quantisal™ collection device (Immunalysis, Pomona, CA, USA). Data were
collected at different times of the day to mimic a research or clinical setting.

Cotinine assays
Urine and saliva specimens were assayed by NicAlert® test strips and by LCMSMS. We
followed the manufacturer’s instructions for NicAlert® testing. The tests results included
seven zones representing a range of cotinine concentrations from 0 (0–10 ng/ml) to 6 (>1000
ng/ml). The manufacturer’s cut-offs of ≥3 (≥100 ng/ml) for urine and ≥1 (≥10 ng/ml) for
saliva indicated tobacco smoking. All NicAlert® strips were read by a staff member who
was blind to participants’ smoking status. A second blinded staff member read 75% of
specimens. Inter-rater reliability was r = 0.97, P < 0.0001.

Oral fluid cotinine concentrations were quantified by LCMSMS according to a previously
validated method [9], and urine cotinine was quantified by LCMSMS using a modified
version of the oral fluid method that was also fully validated. Oral fluid (500 μl) collected
with the Quantisal™ device or 1 ml urine was fortified with cotinine-d3, diluted with 2 ml
0.1 M sodium phosphate buffer, pH 6.0, and extracted with CleanScreen solid phase
extraction columns (part no. ZSDAU020; United Chemical Technologies, Bristol, PA, USA)
before LCMSMS analysis [9]. The LCMSMS instrument consisted of a Sil-20AC
autosampler, LC-20AD pumps and a CTO-20A column oven (Shimadzu, Columbia, MD,
USA) coupled to a MDS Sciex API 3200 Qtrap® triple quadrupole/linear ion trap mass
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spectrometer with a TurboIonSpray source (Applied Biosystems, Foster City, CA, USA). A
Synergi Polar RP column (100 × 2.0 mm, 2.5 μm) with a similar phase guard column (4.0 ×
2.0 mm) (Phenomenex, Torrance, CA, USA) was used with a 250 μl/minute flow rate.
Gradient elution was performed using mobile phase A: 0.1% formic acid in water (v/v) and
phase B: 0.1% formic acid in acetonitrile (v/v). The following MSMS transitions were
monitored: 177.2 to 80.1 and 98.1 for cotinine and 180.2 to 80.2 and 101.2 for cotinine-d3
(transitions for quantification are italicized). Cotinine extraction efficiencies were 77–93%
and 92–110% from oral fluid and urine, respectively; n = 5. Limits of detection and limits of
quantification (LOQ) were 0.1 and 0.2 ng/ml, and upper limits of linearity (ULOL) were
2000 and 500 ng/ml for cotinine in oral fluid and urine, respectively. Calibration curves
were constructed with 8 and 10 points for urine and oral fluid, respectively. Cotinine inter-
assay biases were 88–116% and 82–110% for oral fluid and urine, respectively; n = 20.
Inter-assay imprecisions expressed as percentage coefficient of variation were less than 10%
for cotinine in oral fluid and urine; n = 20. Matrix effect (ion suppression) was less than
25% for both oral fluid and urine.

Urine contains significant concentrations of cotinine–glucuronide and free cotinine.
However, our objective was to compare NicAlert® with LCMSMS results. Because the
antibody in the NicAlert® device does not cross-react with cotinine–glucuronide (as
described by the manufacturer, NyMox), we chose not to hydrolyze specimens prior to
LCMSMS analysis.

Statistical analyses
Self-reported tobacco use and LCMSMS cotinine analysis were the reference measures for
performance of the other indicators of smoking status. There is no consensus on the
LCMSMS cotinine cut-off that optimally discriminates passive smoke exposure from
smoking. We present data from three LCMSMS urine cotinine cut-offs to classify
participants as smokers and non-smokers: ≥0.2 ng/ml (the LOQ of the method), ≥25 ng/ml
and ≥100 ng/ml. The ≥ 0.2 ng/ml (LOQ) cut-off is the most sensitive and conservative; it
classifies all participants with detectable cotinine levels as smokers. The ≥25 ng/ml urine
cotinine cut-off was recommended as a level that optimally discriminates passive smoke
exposure from tobacco smoking [10,11]. In 2002, SRNT recommended ≥50 ng/ml as an
optimal urine cotinine cut-off [2]. In our study, only one subject’s smoking status changed
from smoker to non-smoker (urine cotinine = 28.5 ng/ml; saliva cotinine = 2.5 ng/ml) when
we examined the ≥50 compared to the ≥25 ng/ml cut-off. Thus, the results of the ≥25 ng/ml
cut-off are nearly identical to those of ≥50 ng/ml cut-off (data not shown). The ≥100 ng/ml
cut-off is the manufacturer’s recommended level for the urine NicAlert® assay. Two
LCMSMS saliva cotinine cutoffs classified participants as smokers and non-smokers: ≥0.2
and ≥10 ng/ml. The ≥0.2 ng/ml cut-off is equal to the LOQ of the LCMSMS assay for this
matrix, and the ≥10 ng/ml cut-off is recommended by the manufacturer for the saliva
NicAlert® assay. Non-smokers with heavy passive smoke exposure rarely have saliva
cotinine concentrations ≥10 ng/ml [12,13].

To determine the optimal breath CO cut-off, we performed receiver operating characteristic
(ROC) curve analyses [14]. Reference measures were self-report and the previously
described LCMSMS cut-offs. The breath CO cut-off that optimally discriminated smokers
from non-smokers was the value corresponding to the maximum of the Youden index: J =
max [SEi + SPi − 1], where SEi and SPi are the sensitivity and specificity, respectively, at
all possible cut-off values [15].

Performance of each indicator of smoking status was evaluated using several measures of
predictive accuracy: sensitivity (smokers identified as smokers), specificity (non-smokers
identified as non-smokers), efficiency (all correct identifications), positive and negative
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likelihood ratio and positive and negative predictive value [16]. For indicator combinations
(e.g. breath CO and urine NicA-lert®), participants were considered smokers if at least one
indicator identified them as smokers; participants were considered non-smokers if both
indicators identified them as non-smokers.

Group differences between smokers and non-smokers were examined with t-tests.
Differences between heavy smokers, light smokers, exposed non-smokers and not exposed
non-smokers were examined with one-way analysis of variance (Table 1 only). Differences
in categorical variables (e.g. sex) were examined with Pearson’s χ2 tests. Several specimens
had cotinine concentrations below the LOQ (0.2 ng/ml) of the LCMSMS assay. We assigned
a value of half the LOQ (0.1 ng/ml) for statistical analyses [17]. All data were analyzed with
SPSS version 17.0 (Chicago, IL, USA). Results were considered statistically significant at P
< 0.05.

RESULTS
Participants and biochemical indicator variability

Table 1 shows participant characteristics based on self-reported tobacco and CO exposure.
Figure 1 shows scatter-plots indicating variability in breath CO, urine NicAlert® and saliva
NicAlert® levels based on participants’ self-reported tobacco exposure. Smokers had breath
CO of 19.2 ± 11.4 p.p.m. [mean ± standard deviation (SD)] (range = 2–66 p.p.m. for heavy
and 1–43 p.p.m. for light smokers). Non-smokers had breath CO of 2.1 ± 1.2 p.p.m. (range =
0–6 p.p.m. for not exposed and 1–7 p.p.m. for exposed non-smokers); 81.1% of smokers (38
of 46 heavy and 35 of 44 light smokers) had urine NicAlert® readings in zone 6 (>1000 ng/
ml cotinine), consistent with the LCMSMS data (not shown) and previous reports of average
urine cotinine concentrations among smokers [13,18]. Saliva NicAlert® readings were
variable among all groups, but especially smokers; 23.3% of smokers (12 of 46 heavy and
nine of 44 light smokers) had saliva NicAlert® readings in zone 0 (0–10 ng/ml cotinine) and
were therefore identified as non-smokers. When saliva NicAlert® identified self-reported
smokers as smokers, most readings were in zones 1, 2 and 3 (10–200 ng/ml).

Optimal breath CO cut-off
Table 2 lists the sensitivity and specificity of breath CO at cut-offs ranging from ≥2–11
p.p.m. with self-report and LCMSMS as reference measures. Breath CO at a cut-off of ≥5
p.p.m. optimally discriminated smokers from non-smokers with all reference measures.

Performance of breath CO, urine NicAlert®, saliva NicAlert® and combinations
Table 3 includes the performance of breath CO, urine NicAlert®, saliva NicAlert® and
combinations, with self-report as the reference measure. When compared to self-report,
breath CO and urine NicAlert® had high sensitivity, specificity and efficiency alone and in
combination. High positive likelihood ratios and high positive and negative predictive
values and low negative likelihood ratios reflect high sensitivity and specificity. Saliva
NicA-lert® did not perform as well as breath CO and urine NicAlert®.

Table 4 shows the performance of self-report, breath CO, urine NicAlert®, saliva NicAlert®
and combinations, with LCMSMS urine and saliva cotinine results as the reference.
Indicators performed poorly at the LOQ cut-off compared to higher LCMSMS cut-offs. This
is consistent with the LOQ as a high sensitivity cut-off, classifying any measurable cotinine
as a smoking indicator.

Self-report, breath CO and urine NicAlert® performed well in predicting smoking status
determined by LCMSMS (Table 4). They performed similarly in all possible combinations.
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Saliva NicAlert® alone was not as reliable a test. Combinations of saliva NicAlert® with
the other indicators improved performance relative to saliva NicAlert® alone.

DISCUSSION
This study established an optimal breath CO cut-off for individuals experiencing a wide
range of tobacco exposure in an urban setting that bans indoor smoking in many public
spaces, such as bars and restaurants. We determined the optimal cut-off by comparing breath
CO levels to six reference measures: self-report, three LCMSMS urine cotinine cut-offs and
two LCMSMS saliva cotinine cut-offs. The breath CO cut-offs recommended by SRNT in
2002 (≥8–10 p.p.m.) had considerably lower sensitivity and slightly better specificity
compared to the ≥5 p.p.m. cut-off (Table 2). We also documented performance of several
other smoking indicators alone and in combination. Saliva NicAlert® performance was less
effective than the other indicators (Tables 3 and 4). A combination of breath CO (cut-off ≥ 5
p.p.m.) and urine NicAlert® testing optimally determined smoking status (Tables 3 and 4).

Because most previous breath CO data were collected before expansion of indoor smoking
bans, new data are needed to define the appropriate cut-off to optimally distinguish smokers
from non-smokers. In support of our hypothesis, we found an optimal breath CO cut-off (≥5
p.p.m.), which was in the lower range of previously recommended cut-offs. Cropsey et al.
[5] recommended a breath CO cut-off of ≥3 p.p.m. (sensitivity = 98.1%, specificity =
95.8%; self-report reference measure) in female prisoners. Kauffman et al. [17]
recommended ≥4 p.p.m. (sensitivity = 88.3%, specificity = 94.9%; self-report reference
measure) in male prisoners. Our breath CO data seem more consistent with that of prison
populations than previous data based on the general population. Perhaps this is due to
similar patterns of tobacco exposure in our sample and prison populations. In locations
where indoor smoking bans have been enacted, tobacco smoking and exposure are confined
to specific times and locations, which is also true of prisons [5,17]. Reduced tobacco
exposure in these populations as a result of smoking restrictions might explain lower breath
CO levels compared to earlier data from the general population [5,6,17].

Our study is the first to evaluate breath CO, urine NicAlert®, and saliva NicAlert® and their
various combinations in the same group of participants. Acosta et al. [19] reported that
breath CO (>8 p.p.m. cut-off) had 83.1% sensitivity and 100% specificity, and urine NicA-
lert® had 98.5% sensitivity and 58.5% specificity against GCMS urine cotinine (≥100 ng/
ml) in treatment seekers. This suggested that breath CO and urine NicAlert® in combination
might be more effective in verifying smoking status than either method alone [19]. Schepis
et al. [20] similarly obtained daily breath CO, urine NicAlert® and urine GCMS cotinine
levels for treatment seekers. Breath CO was the best indicator of abstinence during early
interventions, whereas urine NicAlert® was particularly useful to identify later lapses in
smoking [20]. Consistent with these findings and our hypothesis, we found that breath CO in
combination with urine NicAlert® performed well in predicting smoking status determined
by quantitative analysis of cotinine (urine cut-offs ≥ 25 and ≥100 ng/ml); efficiency was
greater when these indicators were combined versus either indicator alone (Table 4).

Our study compared the performance of several smoking indicators against several reference
measures, whereas most studies have assessed only the performance of one indicator with
quantitative analysis of cotinine at a single cut-off. Current disagreement over optimal
quantitative cut-offs makes previous data difficult to interpret. For example, differences
between our findings and Montalto & Wells [21] might be related to differences in saliva
cotinine cut-offs for quantitative reference measures. Montalto & Wells [21] found that
saliva NicAlert® had 99% sensitivity and 96% specificity when LCMS saliva cotinine (cut-
off ≥ 50 ng/ml) was the reference measure. Similarly, Cooke et al. [22] found that with
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GCMS saliva cotinine (cut-off ≥ 10 ng/ml) as the reference measure, saliva NicAlert® had
93% sensitivity, 95% specificity, 95% positive predictive value and 93% negative predictive
value. With self-report as the reference, saliva NicA-lert® had 100% sensitivity, specificity,
positive predictive value and negative predictive value. We found that performance of saliva
NicAlert® was improved with self-report as the reference measure but, in general, the
performance of saliva NicAlert® was less accurate than reported previously [21,22].

A possible explanation for the relatively poorer performance with saliva NicAlert® is that
endogenous metabolites in saliva cross-reacted in the saliva NicAlert® assay. In this case, a
higher saliva NicAlert® cut-off might discriminate smokers from non-smokers more clearly.
An additional analysis of saliva NicAlert® performance using cut-offs of ≥2 and ≥3
improved specificity, but sensitivity decreased to about 40% at these cut-offs. Specificity
improved because there were self-reported not exposed non-smokers with saliva NicAlert®
readings in zones 2 and 3; their urine NicAlert® readings were in zone 0, and their breath
CO levels were 1 and 2 p.p.m., respectively (Fig. 1). Breath CO, urine NicAlert® and saliva
NicAlert® rarely identified the same participants as false positives and false negatives.
Three participants had two and only one participant had all biochemical indicators
inconsistent with their LCMSMS urine and saliva cotinine classifications as smokers/non-
smokers. This is consistent with our findings that combinations of indicators performed well
in predicting smoking status, and suggests that similar performance was not related to the
indicators misidentifying the same participants.

One limitation of this study is the potential lack of generality to other populations. This
study was conducted in one city, and future studies will need to determine if a breath CO
cut-off ≥ 5 p.p.m. is optimal for additional locations. In addition, a larger sample size might
have allowed us to examine a wider range of tobacco exposure, especially among non-
smokers with environmental exposure and individuals with CO exposure unrelated to
tobacco. Our optimal cut-off of ≥ 5 p.p.m. is based on current smokers and non-smokers. It
may not apply to populations with different patterns of tobacco exposure, such as
adolescents or treatment seekers. For example, differences in breath CO levels between
abstinent and non-abstinent smokers in treatment are unlikely to be equivalent to smokers
and non-smokers in this study. Because smoking policies are evolving, continued research is
needed to update optimal cut-off values for clinical trials. The same argument also applies to
cotinine cut-offs [23].

Another limitation of our study was the smoking prevalence of 52%, compared with 20% in
the general population [24]. A future study should determine if the indicators perform as
well when smoking prevalence is constrained to 20%. Future studies should also examine
alternatives to the saliva NicAlert® assay, such as the Salimetrics assay (State College, PA,
USA). This assay is more labor-intensive than NicAlert®, but less labor-intensive than
LCMSMS. We believe that the poorer performance of saliva NicAlert® is probably related
to the immunoassay, which was developed originally for urine, and not to use of saliva as a
matrix. Several saliva cotinine assays have been validated as reliable indicators of tobacco
exposure, and collection of saliva offers several advantages, such as ability to observe
collection non-invasively.

In summary, we found that self-report, breath CO, urine NicAlert® and combinations of
these techniques are good indicators of smoking. In our study, self-report was a good
indicator of smoking status, but it can be influenced by social factors [1]. Because there was
little social pressure to misreport smoking status and we collected multiple specimens for
biochemical quantification, we might have created self-report data that cannot be replicated
easily. In situations where self-reported smoking might be questioned, combined use of
breath CO and urine NicAlert® would provide a reliable indication of smoking status.
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Figure 1.
Variability of breath carbon monoxide (CO), urine NicAlert® and saliva NicAlert® based
on self-reported smoking status. Each dot represents an individual participant. Horizontal
lines represent cut-offs discriminating smokers from non-smokers for each indicator (breath
CO ≥5 parts per million (p.p.m.), urine NicAlert® ≥zone 3/100 ng/ml cotinine, saliva
NicAlert® ≥zone 1/>10 ng/ml cotinine)
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Table 2

Breath carbon monoxide (CO) performance with self-report and liquid chromatography-tandem mass
spectrometry (LCMSMS) urine and saliva cotinine as reference measures.

Reference measure Cut-off (ng/ml) Breath CO cut-off (p.p.m.) Sensitivity (%) Specificity (%)

Self-report NA ≥2 98.9 32.9

≥3 97.8 72.0

≥4 96.7 89.0

≥5 94.4 97.6

≥6 92.2 97.6

≥7 88.9 98.8

≥8 86.7 100.0

≥9 85.6 100.0

≥10 81.1 100.0

≥11 73.3 100.0

LCMSMS urine cotinine ≥0.2 ≥2 85.6 26.9

≥3 71.9 76.9

≥4 64.4 90.3

≥5 58.9 96.2

≥6 57.5 96.2

≥7 54.8 96.2

≥8 53.4 100.0

≥9 52.7 100.0

≥10 50.0 100.0

≥11 45.2 100.0

LCMSMS urine cotinine ≥25 ≥2 100.0 35.4

≥3 96.8 73.4

≥4 95.7 91.1

≥5 92.5 98.7

≥6 90.3 98.7

≥7 86.0 98.7

≥8 83.9 100.0

≥9 82.8 100.0

≥10 78.5 100.0

≥11 71.0 100.0

LCMSMS urine cotinine ≥100 ≥2 100.0 34.1

≥3 97.8 72.0

≥4 96.7 89.0

≥5 94.4 97.6

≥6 92.2 97.6

≥7 88.9 98.8

≥8 86.7 100.0

≥9 85.6 100.0
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Reference measure Cut-off (ng/ml) Breath CO cut-off (p.p.m.) Sensitivity (%) Specificity (%)

≥10 81.1 100.0

≥11 73.3 100.0

LCMSMS saliva cotinine ≥0.2 ≥2 99.1 41.5

≥3 91.6 80.0

≥4 84.1 90.8

≥5 79.4 96.9

≥6 77.6 96.9

≥7 73.8 96.9

≥8 72.0 98.5

≥9 71.0 98.5

≥10 67.3 98.5

≥11 60.7 98.5

LCMSMS saliva cotinine ≥10 ≥2 100.0 33.7

≥3 98.9 72.3

≥4 97.8 89.2

≥5 94.4 96.4

≥6 92.1 96.4

≥7 88.8 97.6

≥8 86.5 98.8

≥9 85.4 98.8

≥10 80.9 98.8

≥11 73.0 98.8

Sensitivity and specificity at cut-offs ≥2–11 parts per million (p.p.m.). NA: not applicable.
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